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(57) Abstract 

A prestrcssed concrete girder (20) has an adjustable load bearing capacity so that the tension of a steel wire (26. 27. 29) is adjusted 
as necessary. The prestresscd concrete girder having an adjustable load bearing capacity in a bridge includes at least one non-attachtd steel 
wire installed at an upper flange (28) of the girder in a lengthwise direction of the girder, in which the heigh of the bridge is reduced, the 
span of the bridge is increased, or a long-term crack or sagging of the bridge is compensated for by adjusting tension of the steel wires 
when the bridge is under construction, or after laying of slab or completion of construction. A method of adjusting a load bearing capacity 
of a bridge using the above prestressed concrete girder is achieved by installing the girder over a pier, cutting step by step the non-artached 
sieel wires according to the amount of a load applied to the girder installed at the pier when the bridge Is under construction, and cutting 
step by step the non-attached steel wires according to the amount of sagging of the girder during a use of the bridge after the consrruciion 
is completed. Thus, when an excess of sagging or a crack is generated to a bridge due to long-term deterioration or overioad, the sagging 
of a girder and crack can be compensated for by releasing the tension of the steel wires provided to the upper flange step by step, or when 
there is a need to increase the load t)earing capacity of the bridge without any particular damage to the bridge, the load bearing capacity of 
the bridge can be easily increased with no special equipments. 
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PRESTRESSED CONCRETE GIRDER OF ADJUSTABLE LOAD 
BEARING CAPACITY FOR BRIDGE AND ADJUSTMENT METHOD 
FOR LOAD BEARING CAPACITY OF BRIDGE 

5 Technical Field 

The present invention relates to a girder for a bridge or for a 
construction use and a method of adjusting the load bearing capacity of a 
bridge using the same, and more particularly, to a prestressed concrete 
girder having an adjustable load bearing capacity so that the tension of a 
10 steel wire is adjusted as necessary, for example, the tension of a steel wire 

is decreased as the load increases during construction, or there is a need 

to compensate for sagging or cracking of the girder due to a long-term load 
after construction, and to a method of adjusting the load bearing capacity 
of the bridge using the above girder. 
15 Background Art 

A prestressed concrete (PSC) girder for a bridge has been used over 
40 years and is widely used for a bridge having a span of 50 m and less in 
many countries. Recently, the length of the girder gradually increases as 
the width of roads increases. Girders of 40 m and more up to 95 m have 
20 been recently developed and used in the U.S. and the use thereof gradually 
increases. Such girders having a long span, often use high strength 
concrete or a bulb T-shape profile having a large sectional coefficient. With 
an increase of use of the long-span girder, the U.S. Federal Road 
Administration suggested six series of the same kind of a profile to be used 
25 for a span of 20-30 m. Also, in 1988, the Administration suggested three 
standard profiles for a long-span girder in cooperation with the U.S. 
Prestressed Concrete Academy. Thereafter, various profiles of applications 
of the above standards are developed and used by the respective state of 
the U.S. and many universities. Accordingly, although the number of 
30 bridges constructed in the U.S. generally decreases, portion of structures 
including bridges using the prestressed concrete girder has been gradually 
increased. 
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Also as the girders installed above piers of a bridge wear out for a 
long time or weighty vehicles exceeding a designed weight pass over the 
bridge, mold is damaged and an excess of sagging is generated. Here, a 
bendingtensioncrackisgeneratedtogether. When thedamage continues. 

5 since the bridgefinally collapses, appropriate repair and/or reinforcement 
of the bridge is required. 

The repair and reinforcement of the PSC bridge is performed .n an 
external steel wire reinforcement method in which steel wires installed 
outside must be fixed in an appropriate method. However, since .t .s 
.0 difficult to install a fixing apparatus at an end portion of the girder and the 
reliability of the load bearing capacity of the fixing apparatus .s not 
guaranteed, other various methods are used but no perfect apparatus has 
not been developed yet. Thus, when a crack an/or sagging is generated 
in the PSC bridge, the repair and reinforcement thereof is difficult. It will be 
,5 a very advantageous merit that a girder already includes an apparatus to 
easily adjust or increases a level of the load bearing capacity of a bridge as 
necessary to overcome the above problems. 

Also the weights of vehicles gradually increase with an increase of 
the traffic 'amount and the development of vehicle manufacturing 
20 technologies or overall industries. When the weights of vehicles inaease. 
the specification which is a standard of design must be modified 
accordingly. The design standard is established or revised by the Ministry 
• of Construction and Traffic and there was a very significant revision of the 
specification in 1 982. In the reyiSldn. the grade of abridge is classified into 
25 three levels and the designed weight of the 1- level is adjusted to 43 tons 
from 32 tons while the designed weight of a second level bridge is 32 tons. 
Such revision of the specification necessarily entails a state of unbalanced 
load bearing capacity in which that of the existing bridges do not match one 
another Thai is. roads on which 43 ton trucks can ride and roads on which 
30 the 43 ton trucks cannot ride are mingled so that the efficiency of a nation- 
wide transportation network is severely damaged. Thus, it is requested to 
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seek an economic reinforcement method to increase the load bearing 
capacity of the second level bridges, occupying over 50% of the nation, to 
the first level bridges to coordinate the load bearing capacity of these 
bridges. 

5 The width of roads is generally increased as the number of lanes in 

a road increases. Accordingly, the development of a long-span bridge for 
construction of elevated roads or overpasses crossing such wide roads is 
currently performed. Also, a prepollex beam has been domestically 
developed, but manufacturing and canriage thereof is difficult because it is 

10 too long and the price thereof is very expensive compared to the existing 
PSC beams. 

Also, it is a recent trend to use high strength concrete because the 
long-span girder is manufactured. Accordingly, due to the application of 
high tension, the amount of creeps generated is very large. As the creep 
15 increases, the girder sags more, which affects the vertical alignment of the 
overhead road. When the vertical alignment is deteriorated, an impact 
coefficient due to vehicles passing the road additionally increases. Thus, 
in the case of the high strength girder or long-span girder, after a long-term 
use thereof, a repair to compensate for sagging through an appropriate 
20 method will be needed. 

FIG. 1 is a view showing the structure of a bridge according to a 
conventional technology. 

As shown in FIG. 1, according to the conventional technology, a 
plurality of I-type girders 12 are installed over a pier 10 and an upper plate 
25 slave (not shown) is installed above the girder 12. 

FIG. 2 is a sectional view showing the arrangement of steel wires in 
the girder according to the conventional technology. 

As shown in the drawing, the section of the girder 20 which is an I- 
type girder is formed of a body portion 22, an upper flange 28 and a lower 
30 flange 24. Also, a tensioning member 26 which is a plurality of steel wires 
is installed in the lower portion of the body portion 22 and the lower flange 
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lengthwise with respect to the girder 20. An upper plate of a bridge is 
installed above the upper flange 28 and the bottom surface of the lower 
flange 24 is supported by the pier 10. 

In the case of the I-type girder 20 according to the conventional 
5 technology, after construction is completed, when sagging or crack is 
generated due to passing of vehicles, thus damaging the bridge, so that the 
bridge needs to be repaired or the designed passage load needs to be 
increased according to a revision of the specification, it is a problem that 
there is no appropriate economic way to reinforce the girder. 

10 

Disclosure of the Invention 

To solve the above problems, it is one object of the present invention 
that a prestressed concrete girder having an adjustable load bearing 
capacity by which, when an excess of sagging or a crack is generated to a 

15 bridge due to long-term deterioration or overload, the sagging of a girder 
and crack can be compensated for by releasing the tension of the steel 
wires provided to the upper flange step by step, or when there is a need to 
increase the load bearing capacity of the bridge without any particular 
damage to the bridge, the load bearing capacity of the bridge can be easily 

20 increased with no special equipments, and .to a method of adjusting the 
load bearing capacity of a bridge using the same. 

Also, it is another object of the present invention that a prestressed 
concrete girder having an adjustable load bearing capacity by which, during 
construction, the steel wires are released step by step according to an 

25 increase of load to reduce the height of a mold of the girder or increase the 
span, and to a method of adjusting the load bearing capacity of a bridge 
using the same. 

To achieve the above objects, there is provided a prestressed 
concrete girder having an adjustable load bearing capacity in a bridge 
30 comprises at least one non-attached steel wire installed at an upper flange 
of the girder in a lengthwise direction of the girder, in which the heigh of the 
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bridge is reduced, the span of the bridge is increased, or a long-term crack 
or sagging of the bridge is compensated for by adjusting tension of the steel 
wires when the bridge is under construction, or after laying of slab or 
completion of construction. 

5 It is preferred in the present invention that the upper flange 

comprises a cut-away portion formed at a predetermined portion thereof 
and through whidi the steel wires pass, in which the cut-away portion is 
always exposed so that the steel wires can be cut as necessary after 
construction Is completed, and in which the number of steel cores forming 

10 the steel wires exposed to the outside at the cut-away portion by cutting or 
releasing some of steel cores so that the tension of the steel wires can be 
adjusted. 

Thus, according to the present technology, the tension of the girder 
can be adjusted so that the above problems can be solved. 

15 

Brief Description of the Drawinos 

FIG. 1 is a perspective view showing the structure of a bridge 
according to the conventional technology; 

FIG. 2 is a sectional view showing the anrangement of the steel wires 
20 in the girder according to the conventional technology; 

FIG. 3A is a sectional view showing the arrangement of steel wires 
in a central portion of a prestressed concrete girder having an adjustable 
load bearing capacity of a bridge according to a preferred embodiment of 
the present invention; 
25 FIG. 3B is a sectional view showing the arrangement of steel wires 

according to another preferred embodiment of the present invention; 

FIG. 4A is a sectional view showing the arrangement of the steel 
wires at one end portion of the girder according to the preferred 
embodiment of the present invention; 
30 FIG. 48 is a sectional view showing the arrangement of the steel 

wires at one end portion of the girder according to FIG. 38; 
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FIG. 5 is a view showing the lengthwise arrangement of the steel 
wires installed in the girder; 

FIG. 6 is view shov\^ng that a fixed steel wire is exposed at a severed 
portion; 

5 FIG. 7 isa view showing a preferred embodiment of anchoring of the 

steel wires; and 

FIG. 8 is a flow chart for explaining a method of adjusting the load 
bearing capacity of a bridge using the prestressed concrete girder having 
an adjustable load bearing capacity according to the present invention. 

to 

Best mode for carrvino out the Invention 

The structure of operation of the present invention will be described 
in detail with reference to FIGS. 3A through 7. 

FIG. 3A is a sectional view showing the arrangement of steel wires 

15 in a central portion of a prestressed concrete girder having an adjustable 
load bearing capacity of a bridge according to a preferred embodiment of 
the present invention. 

As shown in the drawing, the present invention includes an upper 
flange 28, a lower flange 24, and a body portion 22. Here, at least one 

20 steel wire 26 is installed in the girder 40 in a lengthwise direction of the 
girder 40 from a lower end of the body portion 22 of the girder 40 to the 
lower flange 24. Also, at least one steel wire 29 is provided in a space 29a 
formed in the upper flange in a lengthwise direction of the girder 40. 

Also, the steel wire 29 is preferably installed so as not to be attached 

25 to the girder 40 to be symmetric at both sides of the upper flange 28. The 
upper flange 28 is provided latitudinally over the body portion 22 in view of 
the section of the girder 40. An upper plate of a bridge is installed above 
the upper flange 28. The lower flange 24 is provided latitudinally below the 
body portion 22 in view of the section of the girder 40. The bottom surface 

30 of the lower flange 24 is supported by a pier. A plurality of steel wires 26 
which are attached to, or are not attached to the lower end of the lower 
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flange24o,me9irdsr40are^ovid.dHere.mes.ee,«ires27=anadK.s. 

tension at the lower flange 24 of the girder 40. 

FIG. 3B shows steel wires of fhe girder eccord,ng to another 
prefen-ed embodiment of the present invention. „ ^ 

AS shown in the drawing, the steel wire 29 which is no. attached to 
,.e girder 40 can be provided », a space 29b formed between the upper 
flange 28 and the body portion 22. 

F,G 4A is a sectional view showing the arrangement of the steel 
wires a. the end portion of the girder according to the P--~°; 

AS shown in the drawing, the s.eel wires 26 distributed be^«een me 
cent., person and the lower end of the body portion in F^. 3A are 
arranged throughout the all secUonal area of the girder 40. That ,s, me 
steel wire29 installed a.the>*per flange 28of the girder 40 is disposed a^ 

^ place of the end portion of the girder, as shown in FIG. 4A, which 
,e ^ns.hatthesestealwiresa,elinea,lyarranged.hrou9houtal,.heg,rder. 

only when the steel wires additionally arranged at the upper and lower 
flanges 24 and 26 are distributed to be symmetric to the left to right, the 
tension by the steel wires can be distrtbuted unifom,ly throughout all me 
sectional area at me end portion of the girder. 

FIG. 4B shows the arrangement of me steel wires at me end portion 



10 



of the girder shown in FIG. 3B. 

AS shown in the drawing, the steel wires 26 adn27 distributed 
between the central portion and the lower portion of the body portion of 
FIG. 3B are distributed throughout all the sectional area of the girder at the 

25 end portion thereof . 

FIG. Sshows the arrangement of the steel wires arranged lengthwise 

in the girder. 

AS shown in the drawing, the steel wires 26 and 27 arranged ,n me 
™der 40 have a parabolic shape such mat they sag at me middle portion 
„ of the girder 40 while being uniformly distributed thrt,aghout me ent,re 
secttonai area at both end portions of me ginJer 40. The steel wires 26 and 
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27 which are tensioning members arranged as. above are fixed by an 
anchoring apparatus 32 at either end of the girder. The anchoring 
apparatus 32 is covered by mortar or concrete after the girder is 
manufactured. 

5 Also, the steel wire 27 disposed at the lower flange is fixedly 

attached to in the concrete. The tension of the steel wire 29 installed at the 
upper flange 28 is adjusted later. That is. the steel wire 29 provided at the 
upper flange 28 widens the interval between the girders to allow the 
anchoring apparatus to be capable of accessing so that the steel wires 29 

10 can be relaxed later, or is exposed at a cut-away portion 36 formed at the 
predetermined position. The cut-away portion 36 provides a work space 
needed for relaxing the steel wire 29 later. 

FIG. 6 is a view showing a state in which the fixed steel wire is 
exposed at a cut-away portion. For example, the steel wire 26 passing 

15 through a cut-away portion 54 is formed of many strands of steel cores. 
The number of the steel cores is adjusted by cutting some of the steel 
cores, so that the tension of the steel wire 26 is reduced step by step. 

That is, when some steel cores forming the steel wire 26 are cut. the 
tension in the lengthwise direction of the girder 40 is reduced. Accordingly, 

20 since the tension in the lengthwise direction at the lower flange 24 forming 
a balanced state with the upper flange 28 increases, the load bearing 
capacity of a bridge is improved. Since the steel cores forming the steel 
wire 26 which is exposed at the cut-away portion 54 are appropriately cut, 
the tension of the girder can be simply and rapidly released without an 

25 additional equipment such as a hydraulic jack. 

FIG. 7 shows anchorage of the steel wire according to a preferred 
embodiment of the present invention. 

As shown in the drawing, each of the steel wires 26 extending from 
ether end of the girder 40 and passing through a support member 50 is 

30 fixed by the support member 50 and a wedge 52. The tension is applied to 
the steel wires 26 in the state in which each of the steel wires 26 is fixed by 
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the wedge 52. For example, the steel wires 26 are tightly tensioned by a 
force applied by the hydraulic jack, or the tension is controlled by adjusting 
a degree of deviation of adjustment wedges 62. 

In the girder 40 according to the present invention, when the load 
5 increases step by step during construction of a bridge, or cracks 34 or 
sagging 35 indicated by a dotted line is generated to the bridge due to a 
long-term load after the construction of the bridge is completed, by cutting 
step by step some steel cores of the steel wires 29 formed of many steel 
cores at the upper flange of the girder 40, the tension of the girder is 
10 released so that the sagging of the girder 40 can be compensated for or the 
load bearing capacity of the bridge can be simply increased. 

Or, the tension can be released by using the adjustment wedge or 
a similar method. Thus, the tension of the steel wires provided in the lower 
flange is affected by such relaxation so that the load bearing capacity of the 
15 girder can be increased. 

A method of adjusting the load bearing capacity of a bridge using a 
prestressed concrete girder having an adjustable load bearing capacity, as 
shown in FIG. 8, includes steps of installing a prestressed concrete girder 
of the present invention over piers (S1), cutting step by step the non- 
20 attached steel wires according to the amount of load applied to the girder 
installed over the piers during construction of the bridge (S2), and cutting 
step by step the non-attached steel wires according to the amount of 
sagging of the girder while the bridge is in use after construction thereof 
(S3). 

25 Here, the step (S1 ) of installing the girder over the piers consists of 

steps of manufacturing a girder (S11), tensioning the non-attached seel 
wires of the girder (S12), and installing the girder lifted by a crane between 
the neighboring piers and fixing it thereon (S13). That Is, to prevent 
damage to the pier during carrying the girder to the pier, a non-attached 

30 steel wire for prevention of damage Is auxiliary installed at the girder. Thus, 
when the girder is installed between the neighboring piers, the unnecessary 
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non-attached steel wire for prevention of damage can be cut and removed. 

Also, the step (S2) of cutting the non-attached steel wire during the 
construction of the bridge is provided to prevent possible damage or 
sagging of the girder generated as a compressing force or tension applied 
5 to the upper and lower portions of the girder deviates from an allowed value 
due to the load applied the girder when additional equipments such as 
upper plates, asphalt, guardrails, and illumination apparatuses are installed 
step by step above the girder installed over the piers. For example, slab 
is laid (S21 ), the non-attached steel wire is cut or released according to the 

10 weight of the slab (S22), and the weight of various additional equipments 
such as upper plates, asphalt, guardrails, and illumination of the bridge 
apparatuses is calculated and accordingly the non-attached steel wires 
corresponding to the number as many as the weight can be compensated 
for are cut step by step (S23). Thus, the height of the bridge can be 

15 lowered or the span of bridge can be increased. 

Also, the step (S3) of cutting the non-attached steel wires step by 
step while the bridge is in use after construction thereof prevents damage 
to the girder due to deviation from allowance as a compression force and 
tension increases at the upper and lower portions of the girder when 

20 sagging is generated due to the fatigue load accumulated in the girder 
during the load of various vehicles passing over the bridge and repetition 
of impacts. The step (S3) includes steps of periodically estimating the 
amount of sagging of the girder or the load bearing capacity such as the 
compression force and tension acting on the upper and lower portions of 

25 the girder (S31), and cutting step by step as many as the non-attached 
steel wires enough to compensate therefor (S32). 

Thus, since the compression force and tension acting on the girder 
which increases as time goes can be controlled to always be within a range 
of allowance, an excess of sagging or damage to the girder which can be 

30 generated during construction of the bridge can be prevented in advance. 

It is noted that the present invention is not limited to the preferred 



BNSOOCID: <W0 ^0068B08A1.L> 



05/12 2005 12:33 FAX 331213877109 



CCF&A-LISBOA-PORTUGAL 



@031 



WO 00/68508 PCT/KROO/00442 

11 



embodiment described above, and it is apparent that variations and 
modifications by those skilled in the art can be effected within the spirit and 
scope of the present invention defined in the appended claims. 

According to the present invention, by cutting or releasing step by 

5 step the steel wires installed in the upper flange of the girder of a bridge in 
which cracks or sagging is generated due to the long-term deterioration or 
creep or an excess of load to activate the tension of the lower flange, repair 
of the bridge is easy or the load bearing capacity of the bridge can be 
easily increased. Also, by manufacturing the girder, so as to provide 

10 necessary tension during construction by appropriately releasing the 
tension of the steel wires, manufacturing a long-span bar or a low girder 
can be made easy. 

Further, by releasing the tension of the girder later, sagging or 
cracks due to the long term use thereof can be easily compensated for. 

15 When the load bearing capacity of the girder needs to be increased, the 
repair thereof can be made easy. Also, the girder can be manufactured 
economically and the height of the girder is reduced. 

Industrial Apolicabilitv 
20 The prestressed concrete girder having an adjustable load bearing 

capacity of a bridge and a method of adjusting the load bearing capacity of 
the bridge can be applied to the design, construction and management of 

a bridge. 
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What is claimed isi 

1 A prestressed concrete girder having an adjustable load 
bearing capacity in a bridge comprises at least one non-attached steel wire 
installed at an upper flange of the girder in a lengthwise direction of the 
j girder, and 

wherein the heigh of the bridge is reduced, the span of the bridge .s 
increased, or a long-term crack of sagging of the bridge is compensated for 
by adjusting tension of the steel wires when the bridge is under 
construction, or after laying of slab or completion of construction. 

2. The girder of claim 1 . wherein the upper flange comprises a 
cut-away portion formed at a predetermined portion thereof and through 
which the steel wires pass, and 

wherein the cut-away portion is always exposed so that the steel 
IS wires can be cut as necessary after construction is completed, and 

wherein the number of steel cores fomiing the steel wires exposed 
to the outside at the cut-away portion by cutting or releasing some of steel 
cores so that the tension of the steel wires can be adjusted. 

20 3. A method of adjusting a load bearing capacity of a bridge 

using a prestressed concrete girder having an adjustable load bearing 
capacity including non-attached steel wires capable of being cut at an 
upper flange, the method comprising the steps of: 
installing the girder over a pier; 

25 cutting step by step the non-attached steel wires according to the 

amount of a load applied to the girder installed at the pier when the bridge 

is under constnjction; and 

cutting step by step the non-attached steel wires according to the 
amount of sagging of the girder during a use of the bridge after the 
30 construction is completed. 
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FIG. 1 
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FIG. 4A 
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FIG. 8 
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